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i occurring o r:no s mc ai e . p\' r o s i.:;.c at e , cyciic or chain sili- 
I cur-.D rising recurring n^.et.Ls ilic.Ue units, or alur'-.ir.o- 

' '^ilic^j^lt j ving a ^\I:Si _r*"iQi':ij:- JTiitiCL^-^.Li , or a b la"^sT~nrrnac e 
^1.'-.^. Fr.r.c lb) a -vvate r -^soluble poly(c a r boxylic acia) or a. pre- 
c v: r ;i o r t n e r e o i , The t \v o Tn g di e n t s are ^mix eH~~u' i th w t e r 
1 1- r, i^''* ~ r:.?.SE that r.;rr.a;u5 p Lib lie long enougn to be f o rm - 
cG into ti;e desired shape prior to harcening to a cement, 

rSF/>. nVA NTAGES 

'~L>r c.".:i,^:ry, orthopaedic surpery and grouting cerr.crts, 
..::-.d esn. tor cementing in moisl en^■^ronn^en tb. Trie ingred- 
>nts are relatively cheao. 
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^ve. and> 1 cpd. la^i can be used. 

-V lie acid homopclymer or a copolym. er o 

i conic acid, or precursors thereof. The 

<i.7 rvlam idtAo r .."i c ry ion it r ile. The pre- 
o:v (crirbox\T:c <icic aniiy or ide) , e.g. poi^ 
, , opt. c.'pOi\u'-:ie r:5(- c v^itn e thy len.t; , _bute : 
^.e. 111! 1? pret. lu.ear, with an average 
100,000 (esp. lO.CvO-^SOOO). 
'sent as a 20-c5 -A't.^c -iq. soln. The oac>- 
-S= wt.^: (a), 3-50 \vt.':"a (b) and ?-7 0 \vt.Tc 
r t p :i c h can be '.^ ^ t: d , one part c o nt g . p o w d 
t lie., the po^vaer;llq. wt. ratio pref, bein 

There is pref. 1-10 pts. wt. of (a) per p 



soln. ot a styrene -maleic acid anhydride c 
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(54) POLYiCARBOXYLATE) CEMENTS 



(71) Wc, NATIONAL RESEARCH DEVELOPM ENT CORPORATION, a 

British Corporation established by Statute, of Kmgsgate House, 66 — 74 Victoria 
Street, London. SAV\L, do hereby declare the invention for uhich we pray that a 
patent may be granted to us, and the method by which it is lo be performed, to be 
5 particularly described in and by the following statement — 5 

This invention relates to packs for use in. and a procos for, the preparation of 
polv{ car boxy late) cements. 

Polv(carboxylate) cements are formed by the reaction of a pol>(carbo\y lie 
acid) and an lon-leachabie inorganic compound. The preparation of such cements 

10 IS described and claimed in British Patent No. 1,139,430. m which the inorganic 10 

CiMTipound used is zmc oxide, and in British Patent No. 1,316,129, m which the 
inorganic compound used is a Huoroalummosilicate glass. Poly(carboxvlate) 
cements were originally developed primarily for dent,ii ;mH surgical applications in 
which LUC appearance ot the cement is very important and in the preparation of 

15 which the use of starting materials of high purity is necessary. In a number of other 15 

applications, however, the appearance of the cement and the purity of the startimz 
materials are of less significance than the cost of the starting materials, and for 
these applications it would be desirable to be able to prepare poly(carbox> kite ) 
cements from relatively inexpensive starting materials. 

20 ^'ne aspect, the present invention pr^nides a poly(carbox\ iate ) cement 20 

■^.tc k .\\\\^ h ^'o prises 

Ml .1 natura;l\ -occurring orthosilicate. p\ rosilicate. ^vclic or chain silicate 
coinprising recurring metasilicate units, or alu mi nosiiicate having a .Al'.Si 
molar -atio greater than 2:3; or a blast furnace >lag; and 
25 Ml) .t LUer-s(T| able noi vf c:irboxv I ic acid) or a p:-ccarsor thcrcor (.1. herein 25 

■Jet:ncd) 

\v. M\y-^{[\c^ .ispeci. the present inv'ention pr^-', 'iijcs a proccvs ;')r tfie 
:^rcparatior, o\ a poi m carbo \ylate ) cement whicn cc»inpr:ses mixing a n.itur.illv- 
iCvLirnng ort h.C'Sil icate, p> rosilic.ite. c\chc or chain ^Jicaic comprisinti rccurrini! 
30 ''-cta^'h^ate u'^its. or al u min^.)s!lu ate ha\'ing a .AhSi moiar rcitio greater '"han 2:3 ; <)r" 30 

^\ f^iast^ !ur:iace ^lag with a vv ater-^oIub!e polyi carbti\\ lie acid) or a precursor 
thereof (as herein defined) m the presence of water 10 gi\e a m.ass that "cm.ains 
^!:isiic long enough to he f^^rmed into a desired ^hape pr;or to harcen'^^i is :i 
noKicarbowtate) cement, 
35 invention also prov ides a polvi carboxv late ) cement ^vheneve- 35 

the process according to the present invention. Examples of p-a*eriah i:) 
sjifa.'rc for JSC m the pre>ent invention include wtllcmite, h emimorphiitc . - .'d.^IiLc, 
gemenite. larnite. w t^llastomte, nepheline. Icvvnite, anriri>>iderite, 
nackm inite. scolccite. 'huriniiite and danahte. 
40 Particaiarlv preferred blast furnace slag^ are those ontained a,> nv-produ^Vs ,;i 4<.) 

:netal smelting priK^esses, especiallv those obtained m the smieitmg of copper. ,':n^. 
lead and ir^M;. These lattc:" :na:eriais are ac:d-deco mposa^^ i e complex' ^ii.ltes 
■-Mntai'^'ni: small auantities of ^opper. /mc. lead or iron, ano mav -e idih ^e 
■Mao^ed 'ro'p \ mtious met a! smelting plants, BcmiZ ^v - prodac: ^ '^f ;^^e:a. ■ :,:e:::::L: 
45 processes t^iesc NhiL^s are relat[vel_v mexpensive, 4=^ 

1 ''C ^0;:er:'a!s i,i L^sea iii tne present invention mav he readilv ob'a;-ed m d:^e 
■ ^^^ ^^dcr P -r'n 1 l^e de^iree of f'neness of' the po^vde:- vn-vdd [-^-c''-:: ^e -:aj^ opi' 



• # 



: i.fu^9^: 

when :Tii\ed with pol y( carbo\\ he Acid) or precur>i.ir thereof ;r, :hc prc>cncc v^:' 
water, d smooth cement paste which sets withm an aLceptable period is produced, 
f'he degree of fineness of the pow der preferably is such that it will pass through a 
[ 50 mesh B.S. sieve and most preferably is such that it will pass through a 350 mesh 
5 B.S. sieve. Mixtures of two or more of the materiaU (i) may be used if desired. 5 

The preferred poly(carboxylic acid)s and precursors thereof are those 
prepared b> homopoly merisation and copol> men^al:on of unsaturated aliphatic 
carboxyhc acids, for example acrylic acid. acid, mesaconic acid, 

citraconic acid and aconitic acid, and copoly merisation of these acids with other 

10 unsaturated ahphatic monomers, for example a^r>!am:dc and ac r\ ion itrile. 10 

Particularly preferred are homopol> mers of acrv lie acid and copiVix n^,cr^ ot" aery he 
acid, especially copolymers of acr>lic acid and itac-„^nic a^:d Alicrna: [\ cl> , it is 
possible to use a pol\ ( carboxv lie acid) precursor -^v \^hich tern^. i^^icant d 
nolvmenc material which is convertible b\ action of'watcrio poiM earbox\ 1 le acid) 

15 for example a poly( carboxylic acid anhydride) or jlher suitable p>'>ne^ The 15 

polv(carhoAv lie acid anhydride) ma> be a homopo-vmcr" ot" an unsaturated 
carbctwlic acid anhydride, or a copoUmer of .^■u.h anh>dridc with a vin>i 
ir.onomer, particularly a vinyl hydrocarbon monom,er ParticularK gvH)d results 
— ^ ■Tnav ne obtained u^mg homopolymers of maleic ar.h>dride and copoivmcrs of 

20 ^naleic anh\dride with ethvlene, propene, butene and >t>rene. 20 

The poiyf carbt)xy!ic acid) or precursor thereof preferabU linear, although 



preferabU of from l(XX)to UX).iXX) and most pre feran ■. o( irom Hj.(XK) to :5,0(K). In 
this specification, unless otherw ise indicated, the av crage niolec ular w eight is that 
25 measured by an absolute method such as light -.atiering or ult raecnt nfuge 

sedi mentation . 

Examples of suitable combinations of materials o and polyicarbox) lie acids) 
or precursors thereof are willemite. pol\ acrylic acid, wiilemite. pol\ mcthacr\ he 
acid, danalite/polymethacry lie acid, hemimorpniie pol\ methacr\ lie acid, 
30 hemimorphite/styrene-mateic anhydride copolymers, sodalite sty rene- maleic 

anhvdride copolymer, spurrite/styrene-maleic anh\dride copolymer, willemite 
styrene-maleic anhydride copolymer, hemimorphiie eth\ lene-maleie anhydride 
copolymers, and w illemite/ethyiene-maleic anhydride copolymer. 

In the pack, and when used in the process, according to the present invention, 
35 It IS preferred that the poly(carboxylic acid) or p_recursor thereof is m the form of 

an aqueous solution of which from 20 to 65' bv weight is constituted b\ 
poly{carboxylic acid) or precursor thereof. 

In the pack, it is preferred that from 15 to 85' r\ weight is constituted bv the 
material (i) from 3 to 50",, by weight is constituted '"^v the pol>( earbow lie acid) or 
40 precursor thereof and from 5 to "0^, by weight is ^instituted b\ water. 

The pack may be a two-part pack in which the contents o!" one part arc 
powder and the contents of the other part are liqu,d. rhe powder and the liquid 
ocing in separate containers. The povvderdiquid wt*:ght ratio m the parts l^ 
preferablv from 0.5: 1 to 5 1 so that w hen the entire eontciUs of the pack arc mixed 
45 together a rapidly hardening cement ;s obtained. ■\Iternati\ eiy. both the powder 

and the liquid ma\ be encapsulated in the sam.e capsule, in a desired raiio, 
pri.)vided that physical means are present to pre^e'^t premature reaction 

The cement mav be made in con\entional manr.er. Thus, the p^nvder and the 
liquid m the pack are brought together and mixed to ■orm a plastic :rass which can 
50 be cast, moulded or otherwise formed into the reuuired shape during the brief 

period in which the plastic mass retains its plastic properties. The cc^mponents can 
be mixed quite rapidlv to give a uniform mass which commences to harden in a tew 
minutes and is usuailv set within ten munutes of mixmg. The rate of hardening and 
strength of the final product are partly determined bv the powder liquid ratio 
55 vvhich is preferablv as high as possible compatible with adequate working time. 

The optimum ratio \or a particular combination of material iwand poi> i : arboxy !;c 
acid I or precursor thereof may be determined readiov n> preitmmar> exper; :neins. 
Too little or loo much powder normally results m a mixture that is mr^re difficult to 
form into a desired shape. Particularly good results ha^ e neen obtained using from 
60 1 to 10 parts weight of silicate m.ineral :or each part b;. weight r.\ 

polv(carboxvlic acid) or precursor thereof. 

(Certain ol the pol>( earboxv late i cements prepared from the pa.k or b\ the 
pr^.K'ess according to tne present in\ent:on t"ind app'ieativ^n m dentistrv arM al^o \r. 
orthopaedic >u:^ct\ ^'^here the\ ma\ be ased t^^ assist ;n the re-sct^-L^ o*' ^'-ijiured 
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bone inaterial. They also find application as grouting cements and are particularly 
useful for cementing in moist environments. 

The invention is illustrated by the follovvmg Examples: 

EXAMPLE I. 

5 This Example describes the production of poly(carboxylate) cements from 5 

various combinations of naturally-occuring acid-decomposable silicate minerals 
and poly(carboxylic acid)s or precursor thereof. 

The following silicate minerals were obtained in the form of powder having a 
particle size of less than 37 am: willemite, hemimorphite, danalite, sodalite and 
10 spurrite. Polyfcarboxylic acid) solutions were made up as follows: 10 



Polvacrvlic acid 



Polvmethacrylic acid 

15 



Stvrene-fnaleic acid anhydride 
copolviner 

20 



Ethvlene-maleic acid anhydride 
copolymer 



molecular weight 23,000 47.6'\, by weight 
aqueous solution 

molecular ucight approx. 26,000 20'\, by 

weight aqueous solution (Versicol K13 

from Allied Colloids Ltd., Bradford 15 

C'VEPSICOL" is a registered Trade 

Mark) 

molecular weight approx. 1,600 49. 5'\, by 
weight aqueous solution (from Monsanto 
styrene-maleic anhydride copolymer -0 
powder) 

25''., by weight aqueous solution (Mon- 
santo 21) 



The molecular wcighi of the polyacrylic acid was estimated from viscosity 
25 measurements made at 25°C using a 1% w/v solution in 2 M sodium hydroxide: the 25 

solution had a relative viscosity of 1.37. The viscosity of a 2'',, aqueous solution of 
the ethvlene-maleic acid anhydride copolymer was 5 cps as measured using a 
Brookfield R.V.T. Rotational Viscometer at 10 revs per minute. 

The silicate minerals and the poly(carboxylic acid) solutions were mixed in 
30 various combinations as indicated by the symbol X m Table 1. In each case, a 30 

quantity of solution was spatulated, on a glass block, with the maximum quantitv 
of powdered silicate mineral which allowed a smooth homogeneous mix to be 
tormed. The resulting mix was then allowed to harden for at least 24 hours. 



TABLE 1. 



Styrene-maleiL Lth> ieiK'-maleic 

Polyacr\i!c acid anhydride acid anhydride Polym.ethacrvl 

'^Li'i^'i'^il acid copolymer copolymer acid 

Willemite X X X x 

Hemimorphite X X X 

Danalite X 

Sodalite X 

Spurrite X 



35 ^^^'h ca:,e there was obtained a hydrolyticaliy-stable hard cemeni, The 

cements obtained using the solution prepared from styrene-maleic acid anhvdnde 
'onolvmer were tound to be stable in an equivolume water/acetone mixture. 



EXAMPLE 2. 

This Example describes the production of poK f carboxvlate ) cement usine 
40 ^^I^i^t furnace slag. 

Blast furnace slags from the smelting of ct^pper. /inc, lead and iron obtained 



35 



40 



:rvrn \ir:oLis :Tiantjfac:'jrer> v^-ere dried, ground .1 ^.c;.es>ar\. and sieved to a 
particie si/e of less than 45 nm. Each powder produced 'Aas mixed \Mth a 5i) , hv 
'height aqueous solution of polvacrylic acid having a molecular weight of 23.00) in a 
pouder to Hquid ratio P L as shown in Table 2. Each resulting mixture was allowed 
to cure m a mould for ! hour and the compressive .strengtn of the resulting product 
was measured ( \} at^ter immersion m water fgr 23 hours .;r at'ter immerMon ;n 
hquid paraffin for 23 hours or (C) after immersion m iiqjid paraffin t\)r 23 nour> 
followed bv immersion in water for 24 hours, as indicated ;n Table 2. The results 
for compressive strength are given m Table 2. 

TABLE 2. 

Comprcssi'v c F'reparat --.'r. 

Slag PL mm! ■) Streni^th i N::— ^ - Mcth.^o 



Zn 1,5 o : A 

Pb 2.1) ii.^ \ 

Cu 1.5 ; - A 

Cu ! 5 ' - \ 

'Aj 23 [3 

(.\: :vt) g ; ; ( ■ 

Ee 1. 1) 4 s A 

Ee l.i) 1,^ A 



WHAT WE CLAIM IS - 

1 . V polv(carbo\ylate) cen\ent pack which comprise^ ( : ki naiurall\ -occurrmL' 
^uth^isihcate. p> rosil icate, cyclic or cham Ml';caic .ompriMHiz' rc.j-ri:iL' 
nK'tasihcate units, or aluminosilicate hav ing a Al:Si mo'a- ^.;tlo i^rcatcr than 2 : or 
15 ^ ''-^^'^ furnace >Iag and ci) a w ater-so! ubfe poK (car^^ ^ w ; acid) -^r a .^rcvUfM): 

thereof (as herein defined). 

2. \ poi>(carbox\late) ^ement pack according \- (Vla;:r, 1 in A.^^h lo 
^'oriinrise> wiilemite. he mtmorphite. sodahte, >p\irr:e, L^ehSenitc, i.irnite. 
A oliastonite. nephcline. Icv\nite. aphrosidente, ha^N .o' . NCOie^M^e ji:- 
20 Ja^naiite. ' 

- P^^->' -arPo\;, ;a:e 1 cement pa.K ac^ord;^c ^ ::. \''^-\: • , 

^■o!Tipn^es blast furnace slag, 

4, \ poKicarboxvlatei cement pack according : C\...- ^. ^-ias: 
furnace slag has been obtained from the smelting of copper, /m:^. ;eau 'ron 
25 - PoIm carboxviate ) cement pack accordintz to ar.\ oftne pre^eoinj c.-oiri^ 

'n vvn-n the degree of :'!nencss o' oi :> >ucn that^t -v . "^o -p^.h 

B.S. Meve 

f^. \ Polv(carno\\iatei cement pack accordm^ to an\ the precedm^i daimv. 
m, which rhe pol\ ( carboxv ; :c acid) jo^nprLse^ a hom.op* v. rne- 'o- .opolvmer o\ 
30 acr\hc a^ad or a precursor thereof ' ' ' ' ^^-^ 

. \ poK(carboxyiate) cement pacK according: to C^am: 6. m whi.n the 
poi\ I j.irboxv li^ acid' .omprI^e^ a ji^polv:ner .-f acrvT. .i.:0 ana ; t ac vo j > ^ ■ 

: ^ P^^ivf .arbi^x y-^t- ' .ement pack according to :ne p-.eO;n j ....:oPv 

35 -"^^iicn the pol \ ( .ar'-^ox \ lie acid) precursor co^mprise^ P'^^carh-n', - 

anhvdride ). ' ' " . - . ^ - 

^. \ poivi carbo,x> iate i cement pack according to anv of the pre^ed;n^ c: iim>. 
;n Ahi.n tne poivi.arooxv j a^id) or precursor there or ^:.ls an a', eraae n^\ecai r 
weight of fro.m icH}^') to yjOjMK), ' ^ ^ ' 

4*..' , ^ P'^i;<^arHoxv;.-e! .emen^ p.i.r. ^^..^rdinc ■ .ov. . []:■- --.eomc 40 

ciai'ns, ;n vshi^n the polxij^rpowhc ac;d^ *^r precur^v^r ■ r T'-l^' ^ -.^ - 

p". 'o ^.irPo x'v i:c acidi or prcj.ir*Nor 'ne^co- 
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M. \ nol) ( carboxylate) cement pack according t^) an\ o\' the preceding 
cl:iiin>. m v^hich from 15 to 85'^, by weight constituted h> (i) from 3 to 50",, by 
eight IS constituted by the poly{carboxyiic acid) or precursor thereol\ and from 5 
to "'()",, b\ weight IS constituted by water. 
5 ! \ poiy(carboxyiate) cement pack substantial!)' as hereinbefore described. 5 

13. -\ process f^T the preparation of a po!y(carbo\> late ) cement which 
comprises mi.xmg (1) a naturall> -occuring ortht^sihcate. pvrostlicate. c\clic or 
chai.n silicate comprising recurring metasiiicate units, or aluminosi licate having a 
\l:Si mtMar ratio greater than 2:3: or a blast furnace ^!ag. (lO a w ater-stiluble 

10 poi\(carbo\vnc acid) or a precursor thereof (as herein defined) in the presence of \Q 

^vater to give a fiiass that remains plastic long enough lo be t\)rmed into a desired 
shape prior to hardening as a pol> ( carbo\\1ate) cement 

14. \ process according to Claim 13. in which 1 : i comprises vullemite, 
he mi m^)rphite, sodaiile. spurrite. gehlenite. larniie, \\ oi lastomle, nephehne, 

15 lev'\ nite. aph rosiderite. hackmamte, scolecite. thuring:te or danaliie. 15 

15. \ process according to Cla:m 1 3. 1 n w h ich ( 1 ) cr m.pr:>es blasi furnace slag. 

16. \ process acct^rding to CU;im 15. m which the nLi-t :arn.icc >iag !ias nec!; 
obtained from the smelting of copper, zinc, lead or iron. 

17. \ process according to an\ of Claims 13 to 'f^. -rr which the degree 

20 ['ineness of (1) is such that it pass through a 150 niesii B.S, >ie\e 7q 

18. A pr^.X'ess according to an.\ of Claims '3^ 10 1^. which [he 
poK (carbox> lie acid) comprises a homopoKmer or cop^^i\ i:K'r of acr\!ic acid or a 
precursor thereof, 

19. \ process according to <31aim IS. in winch the poK (L\o-ho\\iic acid) 
25 'jomprises a ^'op^ilvmer of acr\MC .icid and itaconu- a^'iO o;- a precarNor thereof' 

2t). \ process according to Claims 13 to 19, m^^hlch ihc [^ol\ ( c:: rho\ \ 1 ic acai) 
precursor comprises a polvf carbo\\ iic acid anh}dr:de) 

21. A process according to anv of Claims 1.'^ io 20, m uinch the 
pi.iK ( carboxv 1 ic acid) or precursor therec^f h:is nn I'.r^-'^e n^'Vecuhir v\e;L:ht c\ 

30 from 1000 to 1 00.000. 

22. A process acctuding to any of Claims 1' [o 21, m winch the 
poly(carbo\ylic acid) or precursor thereof ;s m the form of an jliucous ^t^lutilM^ of" 
v^htch from 20 io 65', n\ weiiiht is constituted i^c'w. acail cir 
precursi.)r tii ere of 

35 23, \ proc;^s-^ according to an> o[" Claims 13 to 22. w p; taere ,^ -i^eJ from 

! to 10 parrs b\ weight of (i) for each par: b\ v^eight ^'.-o -^ar'^ow '-^^ 
[vc.ursor .nereo'f 

34. \ o^o^es■^ accordi mi t o am of (J lai ms ! 3 tr^ 2.C ^ o. : : ; \ 0-. ^ - ►^-^i ; - 
:ne [:\a■npIe^. 

40 3^. \ poi\ i -ar^ow late ) ce'Penl w henev er produ^. '2 --^^ , :^ . e -.^ .. _ 

OP. .p' CLii:-^ ; ^ p^ 24. 

S. C; COL.MhR, 
Cnar:e-ed Pat j;- X-e- 
\i:c:P am the XppK^.ppN 

PniiP-'i P.jp HtT Map'Sty'o Stati :.-rry '.vtlac'^ by ^Courv^r i'v-- Pe -Uiiirii^ : .--r-A. Pj7> 

w'h .'. 1 : c [J . ^ Ml y '; ) ■. - ..> i.j L a i n ■ 
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